1. Introduction {#sec1-jcm-09-00146}
===============

Autosomal dominant polycystic kidney disease (ADPKD), one of the most common hereditary kidney diseases, is characterized by the gradual growth of cysts in the kidneys. Studies have shown that approximately 50% of patients with ADPKD progress to end-stage renal failure by the age of 60 years \[[@B1-jcm-09-00146]\]. Mutations in *PKD1* and *PKD2* have been identified to be responsible for the disease \[[@B2-jcm-09-00146],[@B3-jcm-09-00146]\]. Polycystin 1 (PC1), encoded by *PKD1*, assists in the mechanosensing of urine flow by the cilia of the renal tubules. Polycystin 2 (PC2), encoded by *PKD2*, functions as a calcium channel in cooperation with PC1. PC1 and PC2 play critical roles in the suppression of renal tubule dilation, and the dysfunction of either gene may lead to renal tubule expansion and cyst formation \[[@B4-jcm-09-00146]\]. Reportedly, approximately 80% of patients with ADPKD harbor *PKD1* mutations, 15% harbor *PKD2* mutations, and the remaining 5--10% are genetically unresolved or rare mutations in other genes, such as hepatocyte nuclear factor 1β (HNF1B) and neutral α-glucosidase AB (GANAB) \[[@B5-jcm-09-00146]\]. As ADPKD is an autosomal dominant inherited disease, patients with ADPKD harbor one normal allele of *PKD1* or *PKD2,* and cysts are not formed if this allele is functional. Reports show that the loss of function of both alleles because of somatic mutations in the normal allele, in addition to germline mutations, initiates cyst formation \[[@B6-jcm-09-00146],[@B7-jcm-09-00146]\].

Several reports indicate that the progression of the disease varies with genotype \[[@B8-jcm-09-00146],[@B9-jcm-09-00146],[@B10-jcm-09-00146],[@B11-jcm-09-00146],[@B12-jcm-09-00146],[@B13-jcm-09-00146]\]. Patients with mutations in *PKD1* progress to end-stage renal disease (ESRD) between 53 and 67 years, whereas ESRD is reached between 69 and 79 years for those with *PKD2* mutations. Studies suggest that the age at ESRD varies by approximately 10--20 years between those with *PKD1* and *PKD2* mutations. Another study reported that among patients with mutations in *PKD1*, those with truncating mutations progressed to ESRD at the age of 55 years, while those with non-truncating mutations did so at 67 years \[[@B9-jcm-09-00146]\]. However, the relationship between differences in disease progression and mutation types is unclear. In this study, we investigated the differences in renal prognosis among 123 patients with ADPKD based on genotype, mutation type, and mutation position.

2. Experimental Section {#sec2-jcm-09-00146}
=======================

2.1. Study Design {#sec2dot1-jcm-09-00146}
-----------------

Kidney survival was retrospectively examined in 123 ADPKD patients with identified *PKD1* or *PKD2* mutations. ADPKD was diagnosed using previously described criteria \[[@B14-jcm-09-00146]\], and genetic analyses were performed, as reported previously \[[@B15-jcm-09-00146]\]. First, among 110 ADPKD patients in which mutations were detected at the Tokyo Women's Medical University Hospital, Japan, between November 2010 and June 2016, patients who could not be followed up (*n* = 2) were excluded from participation. The remaining 108 patients and 15 family members from 12 out of 108 pedigrees who attended our hospital were ultimately enrolled in the present study ([Figure S1](#app1-jcm-09-00146){ref-type="app"}). Written informed consent was obtained from each participant. All procedures performed in studies involving human participants were in accordance with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. This study was approved by the ethical committee of Tokyo Women's Medical University (No. 196B). The dataset analyzed for this study is provided as [supplementary material](#app1-jcm-09-00146){ref-type="app"} to make future comparisons feasible and reliable ([Supplementary Data S1](#app1-jcm-09-00146){ref-type="app"}).

2.2. Mutation Analysis {#sec2dot2-jcm-09-00146}
----------------------

Patients' genomic DNA was extracted from peripheral blood lymphocytes using the QIAamp DNA blood maxi kit (Qiagen Inc., Hilden, Germany). Mutational analyses of *PKD1* and *PKD2* were performed using the Sanger method, next-generation sequence (NGS) method, and multiplex ligation-dependent probe amplification (MLPA) method. In 102 patients, mutation analyses had already been performed using NGS, Sanger sequencing in exon 1 of *PKD1*, or MLPA, as reported previously \[[@B15-jcm-09-00146]\]. In the remaining eight patients, the regions containing each exon and splice junctions of *PKD1* and *PKD2* were amplified using polymerase chain reaction (PCR) and were sequenced using the Sanger method, as described previously ([Table S1](#app1-jcm-09-00146){ref-type="app"}) \[[@B16-jcm-09-00146],[@B17-jcm-09-00146],[@B18-jcm-09-00146]\].

2.3. Classification of Mutation Types {#sec2dot3-jcm-09-00146}
-------------------------------------

Frameshift mutations, nonsense mutations, splicing mutations, and large rearrangements were classified as truncating mutations, whereas in-frame insertions or deletions (indels) and substitutions were classified as non-truncating mutations.

2.4. Classification of Mutation Positions {#sec2dot4-jcm-09-00146}
-----------------------------------------

The mutation positions of *PKD1* were examined separately for the *PKD1* N-terminal domain (cDNA nucleotide position; 1-2552), PKD domain (2553-6435), REJ (receptor for egg jelly) domain (6438-9180), TM (transmembrane) domain (9225-12318), and *PKD1* C-terminal domain (12319-12906).

2.5. Outcome Evaluation (End-Point) {#sec2dot5-jcm-09-00146}
-----------------------------------

The outcome of interest was progression to renal replacement therapy (RRT), which was defined as the initiation of chronic dialysis or kidney transplantation. The subjects were followed up until June 2018.

2.6. Evaluation of Age at RRT {#sec2dot6-jcm-09-00146}
-----------------------------

We evaluated the age at RRT between patients with *PKD1* and *PKD2* mutations, and among patients with various types of mutations in each gene.

2.7. Statistical Analysis {#sec2dot7-jcm-09-00146}
-------------------------

Continuous variables are reported as medians (minimum--maximum), and categorical variables are reported as percentages unless otherwise stated. We compared participant outcomes by performing a chi-square test or Fisher's exact test. Prognostic variables for renal outcome were assessed using the univariate and multivariate Cox proportional hazards method. Variables with *p*-values \< 0.1 in the univariate model were included in the multivariate analyses. Analyses were examined using two models. Model 1 examined all variables as the independent variables. Model 2 examined the outcomes using *PKD1* splicing as the reference category. Time from birth to RRT was computed using the Kaplan--Meier method and evaluated using the log-rank test. *p*-values \< 0.05 were considered statistically significant. All statistical analyses were performed using the JMP Pro ver.14.1.0 software program (SAS Institute, Cary, NC, USA).

3. Results {#sec3-jcm-09-00146}
==========

3.1. Patients' Characteristics {#sec3dot1-jcm-09-00146}
------------------------------

The characteristics of the entire cohort at baseline with *PKD1* and *PKD2* mutations are shown in [Table 1](#jcm-09-00146-t001){ref-type="table"}. The 123 subjects consisted of 52 men (42.3%) and 71 women (57.7%). Ninety-nine patients harbored *PKD1* mutations (80.5%) and 24 harbored *PKD2* mutations (19.5%). Truncating mutations were present in 74.0% cases and non-truncating mutations were present in 26.0% of cases. The truncating mutations were detected in 69.7% of patients with *PKD1* mutations and 91.7% of patients with *PKD2* mutations (*p* = 0.0277). Furthermore, the proportion of nonsense mutations in patients with *PKD2* mutations was significantly higher than that in patients with *PKD1* mutations (*p* = 0.0158; *PKD1* versus *PKD2* = 28.3% versus 54.2%). Patient characteristics stratified by sex are shown in [Table S2](#app1-jcm-09-00146){ref-type="app"}. There were no significant differences between men and women regarding the ratio of mutation type.

3.2. Mutation Types as Renal Prognostic Indicators in Patients with ADPKD {#sec3dot2-jcm-09-00146}
-------------------------------------------------------------------------

### 3.2.1. Influence of the Mutated Gene on Renal Outcome (Age at RRT) {#sec3dot2dot1-jcm-09-00146}

The median (minimum--maximum) follow-up period from birth for all patients was 50 (20--86) years. At the follow-up examination in June 2018, 37 (30.1%) out of 123 patients required RRT; RRT was required by 32 (32.3%) out of 99 patients with *PKD1* mutations and five (20.8%) out of 24 patients with *PKD2* mutations, and the median (minimum--maximum) age of patients who required RRT was 52 (34--79) years for patients with *PKD1* mutations and 51 (44--73) years for patients with *PKD2* mutations. Five out of 32 patients with mutations in *PKD1* required RRT after 68 years of age. Three out of five patients with mutations in *PKD2* required RRT before 58 years of age ([Table S3](#app1-jcm-09-00146){ref-type="app"}).

In patients with *PKD1* mutations, RRT was required for 24 (34.8%) out of 69 patients with *PKD1* truncating mutations (*PKD1*T) and eight (26.7%) out of 30 patients with *PKD1* non-truncating mutations (*PKD1*NT) until June 2018, and the median (minimum--maximum) age of patients who required RRT was 52 (34--72) years in patients with *PKD1*T and 57 (44--79) years in patients with *PKD1*NT. A detailed assessment of mutation types showed that RRT was required for 11 (44.0%) out of 25 patients with *PKD1* frameshift mutation, five (45.5%) out of 11 patients with *PKD1* splicing mutation, one out of five patients with *PKD1* large deletion mutation, seven (25.0%) out of 28 patients with *PKD1* nonsense mutation, and eight (29.6%) out of 28 patients with *PKD1* substitution mutation, and the median (minimum--maximum) age of patients who required RRT was 48 (34--64) years in patients with *PKD1* frameshift mutations, 49 (42--65) years in patients with *PKD1* splicing mutations, 62 (45--72) years in patients with *PKD1* nonsense mutations, 47 years in a patient with a *PKD1* large deletion mutation, and 57 (44--79) years in patients with *PKD1* substitution mutations.

In patients with *PKD2* mutations, truncating mutations were present in 22 patients out of 24 patients with PKD2 mutations and all mutations in five patients with *PKD2* who required RRT were truncating mutations. RRT was needed for the one patient with a *PKD2* splicing mutation, three patients with *PKD2* nonsense mutations, and one patient with a *PKD2* large deletion mutation, and the ages of patients who required RRT were 44 years in a patient with a *PKD2* splicing mutation, 50, 61, and 73 years in patients with *PKD2* nonsense mutations, and 51 years in a patient with a *PKD2* large deletion mutation ([Figure 1](#jcm-09-00146-f001){ref-type="fig"}).

### 3.2.2. Influence of Mutation Type on Renal Prognosis in the Entire Cohort {#sec3dot2dot2-jcm-09-00146}

The univariate Cox regression analyses in the entire cohort showed that *PKD1* (hazard ratio (HR) = 2.75, 95% CI (1.16--8.10), *p* = 0.0202) and *PKD1*T (HR = 2.77, 95% CI (1.36--5.98), *p* = 0.0046) mutations were significantly associated with RRT ([Table 2](#jcm-09-00146-t002){ref-type="table"}). Regarding a detailed assessment of mutation types, the sex-adjusted multivariate Cox regression analyses in the entire cohort showed that *PKD1* splicing (HR = 5.39, 95% CI (1.70--14.51), *p* = 0.0063), *PKD1* frameshift (HR = 3.14, 95% CI (1.43--6.59), *p* = 0.0055), and *PKD2* splicing (HR = 52.40, 95% CI (2.49--446.52), *p* = 0.0181) mutations were significantly associated with RRT ([Table 2](#jcm-09-00146-t002){ref-type="table"}). When *PKD1* splicing was used for the reference category, the sex-adjusted multivariate Cox regression analysis in the entire cohort showed that *PKD1* nonsense (HR = 0.26, 95% CI (0.08--0.86), *p* = 0.0304), *PKD1* substitution (HR = 0.20, 95% CI (0.06--0.66), *p* = 0.0081), and *PKD2* nonsense (HR = 0.12, 95% CI (0.03--0.53), *p* = 0.0055) mutations were significantly less associated with RRT than *PKD1* splicing mutation ([Table 3](#jcm-09-00146-t003){ref-type="table"}).

The age-specific Kaplan--Meier method showed that the kidney survival rate of ADPKD patients with *PKD1* mutations was significantly lower than that of those with *PKD2* mutations in the entire cohort ([Figure 2](#jcm-09-00146-f002){ref-type="fig"}a; log-rank, *p* = 0.0308). When the *PKD1* cohort was divided into truncating and non-truncating mutations, the kidney survival rate was the lowest in patients with *PKD1*T ([Figure 2](#jcm-09-00146-f002){ref-type="fig"}b; log-rank, *p* = 0.0144).

The age-specific Kaplan--Meier survival curves indicated that the kidney survival rates of patients with *PKD1* splicing mutations were significantly lower than those of patients without *PKD1* splicing mutations in the entire cohort ([Figure 3](#jcm-09-00146-f003){ref-type="fig"}a; log-rank, *p* = 0.0022). Moreover, the age-specific Kaplan--Meier survival curves indicated that the kidney survival rates of patients with *PKD1* frameshift mutations were significantly lower than those of patients without *PKD1* frameshift mutations in the entire cohort ([Figure 3](#jcm-09-00146-f003){ref-type="fig"}b; log-rank, *p* = 0.0126).

### 3.2.3. Influence of Mutation Type and Position on Renal Prognosis in PKD1 Truncating Cohort {#sec3dot2dot3-jcm-09-00146}

In the subgroup analysis of the *PKD1*T cohort, the univariate Cox regression analyses showed that the *PKD1* nonsense mutation was a favorable prognostic factor for RRT (HR = 0.36, 95% CI (0.14--0.85), *p* = 0.0189), while the mutation position did not have any effect on renal prognosis ([Table 4](#jcm-09-00146-t004){ref-type="table"}). When *PKD1* splicing was used for the reference category, the univariate Cox regression analysis in the *PKD1*T cohort showed that *PKD1* nonsense (HR = 0.24, 95% CI (0.07--0.81), *p* = 0.0236) mutation was significantly less associated with RRT than *PKD1* splicing mutation ([Table 4](#jcm-09-00146-t004){ref-type="table"}).

In the age-specific Kaplan--Meier analysis, although there was no significant difference among patients with *PKD1* nonsense mutations in the entire cohort ([Figure 4](#jcm-09-00146-f004){ref-type="fig"}a; log-rank; *p* = 0.6772), the kidney survival rate of patients with *PKD1* nonsense mutations was significantly higher than that of patients without *PKD1* nonsense mutations in the *PKD1T* cohort ([Figure 4](#jcm-09-00146-f004){ref-type="fig"}b; log-rank; *p* = 0.0202).

### 3.2.4. Influence of Mutation Type on Renal Prognosis in the Cohort Stratified by Sex {#sec3dot2dot4-jcm-09-00146}

To examine the sex-specific differences in the renal prognosis of patients with ADPKD, we conducted Cox regression analyses using stratification by sex. The univariate Cox regression analyses in the sex-stratified cohort showed that *PKD1* (HR = 3.64, 95% CI (1.02--23.23), *p* = 0.0462) and *PKD1* splicing mutation (HR = 24.45, 95% CI (3.19--149.12), *p* = 0.0049) in women, and *PKD1* truncating (HR = 4.02, 95% CI (1.38--14.75), *p* = 0.0093), *PKD1* frameshift (HR = 2.85, 95% CI (1.03--7.47), *p* = 0.0449), *PKD1* substitution (HR = 0.17, 95% CI (0.01--0.85), *p* = 0.0272), and *PKD2* splicing (HR = 22.42, 95% CI (1.04--234.30), *p* = 0.0478) mutations in men were significantly associated with RRT ([Table 5](#jcm-09-00146-t005){ref-type="table"}).

4. Discussion {#sec4-jcm-09-00146}
=============

This study analyzed differences in renal prognosis in patients with ADPKD by genotype, mutation type, and mutation position. From among these factors, no significant difference in renal prognosis was observed by mutation position; however, a significant difference was observed by genotype and mutation type, particularly mutation types such as frameshift mutations, nonsense mutations, and splicing mutations.

Several studies have reported differences in renal prognosis by genotype \[[@B8-jcm-09-00146],[@B9-jcm-09-00146],[@B10-jcm-09-00146],[@B11-jcm-09-00146],[@B12-jcm-09-00146],[@B13-jcm-09-00146],[@B19-jcm-09-00146]\]. The kidney survival rate depends on the causal genes (*PKD1*, *PKD2*) and differences between truncating or non-truncating mutations. Patients with *PKD1* mutations, particularly those with truncating mutations, show poor prognosis \[[@B8-jcm-09-00146],[@B9-jcm-09-00146],[@B10-jcm-09-00146],[@B11-jcm-09-00146],[@B12-jcm-09-00146],[@B13-jcm-09-00146],[@B19-jcm-09-00146]\]. However, the relationship between differences in disease progression and mutation types, such as nonsense, frameshift, splicing mutation, and large deletions as truncating mutations, substitution, and in-frame deletion as non-truncating mutations, is unknown. In this study, we observed a significant difference between *PKD1* and *PKD2* mutations in terms of the proportion of patients who progressed to RRT within each genotype (32.3% in *PKD1*; 20.8% in *PKD2*), suggesting that renal prognosis is poorer in patients with mutations in *PKD1* than in those with *PKD2* mutations. This could be because the frequency of somatic mutations in *PKD1* is higher than that in *PKD2*, as *PKD1* is 4.4 times larger than *PKD2* \[[@B20-jcm-09-00146]\]. Therefore, a larger number of cysts are formed in ADPKD patients with *PKD1* mutations, leading to poor renal prognosis \[[@B20-jcm-09-00146],[@B21-jcm-09-00146]\].

In the present study, both Cox analyses and Kaplan--Meier curves showed that renal prognosis was poorer in patients with truncating mutations than in those with non-truncating mutations in *PKD1*. Several reports suggest that when mutation types are compared, progression in patients with truncating mutations is faster than that in those with non-truncating mutations. Rossetti et al. evaluated kidney survival by the age of reaching ESRD and observed no significant difference between the mutation types \[[@B13-jcm-09-00146]\]. However, subsequent reports indicated that the renal prognosis of patients with truncating mutations is poor \[[@B9-jcm-09-00146],[@B10-jcm-09-00146],[@B19-jcm-09-00146],[@B22-jcm-09-00146],[@B23-jcm-09-00146]\]. Furthermore, a study in which a knock-in mouse model of p.R3277C (RC) was used showed that progression was slower in *PKD1*^RC/RC^ mice than in *PKD1*^RC/null^ ones \[[@B24-jcm-09-00146]\]. This occurs because non-truncating mutations, including substitution mutations, partially retain the function of the *PKD1* gene as a hypomorphic allele. In other words, cyst formation starts when the expression of polycystins is below the threshold. Polycystins are still functional to a limited extent in patients with non-truncating mutations, and their expression becomes lower than the threshold after a long period in such cases. This is possibly responsible for the relatively favorable prognosis of patients with non-truncating mutations.

When we evaluated renal prognosis by mutation types, it was poor in patients with *PKD1* splicing, *PKD1* frameshift, and *PKD2* splicing mutations; however, unexpectedly, it was relatively favorable in patients with *PKD1* nonsense and *PKD2* nonsense mutations ([Table 3](#jcm-09-00146-t003){ref-type="table"} and [Table 4](#jcm-09-00146-t004){ref-type="table"}, [Figure 4](#jcm-09-00146-f004){ref-type="fig"}b). Considering that in our study, the proportion of nonsense mutations in patients with PKD2 mutations (54.2%) was significantly higher than that in patients with PKD1 mutations (28.3%), we need to pay more attention to the effect of nonsense mutations on the renal prognostic differences between patients with PKD1 mutation and with PKD2 mutations.

In the present study, we found sex-specific differences in mutation types regarding the renal outcome in patients with ADPKD. In men, *PKD1* frameshift and *PKD2* splicing showed a significantly positive association with RRT, and in women, *PKD1* splicing mutation showed a strong positive association with RRT ([Table 5](#jcm-09-00146-t005){ref-type="table"}). Although the reason for this difference is not clear, it might influence the sex-specific differences in renal prognosis for patients with ADPKD. Our study is the first report that compares renal prognosis by mutation types among *PKD1* truncating mutations and highlights that renal prognosis is poorer in patients with splicing and frameshift mutations than in patients with nonsense mutations.

The reason for the difference in prognosis among truncating mutations is not proved. One possibility is the involvement of nonsense mRNA-mediated decay (NMD), which leads to the degradation of transcripts containing premature termination codons (PTCs) \[[@B25-jcm-09-00146],[@B26-jcm-09-00146]\]. It is generally considered that NMD occurs for truncating mutations that generate PTCs, including frameshift and nonsense mutations and some splicing mutations. The efficacy of NMD varies between individuals, leading to modifications of the disease outcome. Reports show that in ADPKD, NMD does not occur rapidly for *PKD1* mutants and that proteins are produced by the mutant gene \[[@B27-jcm-09-00146]\]. Although the efficacy of NMD in each mutation type is unknown, the transcripts that escape from NMD may exert dominant-negative effects to decrease the dosage of normal polycystin, leading to cyst formation in ADPKD.

In this study, a comparison of only patients who progressed to RRT revealed no difference in the age of reaching RRT between patients with mutations in *PKD1* and those with mutations in *PKD2* (median 52 years versus 51 years). Barua et al. reported that no patient with *PKD1* mutations progressed to ESRD at the age of 68 years or older, and no patient with *PKD2* mutations progressed to ESRD at the age of 58 years or younger \[[@B11-jcm-09-00146]\]. Meanwhile, another study has reported that 9.8% of patients with *PKD2* mutations progressed to ESRD by 60 years \[[@B12-jcm-09-00146]\]. In this study, from among 32 patients with *PKD1* mutations who required RRT, five progressed to RRT at the age of 68 years or older, and from among five patients with *PKD2* mutations who required RRT, three progressed to RRT at the age of 58 years or younger. These observations suggested that the renal prognosis of patients with *PKD2* mutations was not always favorable compared to that of patients with *PKD1* mutations. Furthermore, renal prognosis in patients with nonsense mutations in *PKD1* or *PKD2* was relatively favorable in terms of the age of reaching RRT ([Figure 1](#jcm-09-00146-f001){ref-type="fig"}, [Table S3](#app1-jcm-09-00146){ref-type="app"}).

While these findings may have several implications for patients with ADPKD, our study has several limitations. First, the study was observational in nature, and any observed associations do not prove causality. Second, only the patients' mutated genes and mutation types were considered, and their characteristics during the follow-up period were not considered. Third, the sample size was relatively small; hence, further studies are required to confirm our findings in a large patient cohort.

5. Conclusions {#sec5-jcm-09-00146}
==============

In conclusion, we showed that a detailed assessment of mutation types might be useful for determining the renal prognosis of patients with ADPKD. The renal prognosis was poor in patients with *PKD1* splicing and frameshift mutations, but favorable in those with nonsense mutations among patients with truncating mutations. The prognosis was not always favorable in patients with *PKD2* mutations. Further investigations using large cohorts and the elucidation of mechanisms using animal models are required.

We express our sincere appreciation to all the patients, collaborating physicians, and other medical staff for their important contributions to the study. We also want to thank Naomi Iwasa for contributing to this study by collecting the clinical data.

The following are available online at <https://www.mdpi.com/2077-0383/9/1/146/s1>, Figure S1: Patient selection flowchart, Table S1: Mutations in *PKD1* and *PKD2* detected in eight ADPKD patients, Table S2: Patient characteristics stratified by sex, Table S3: Patients reaching RRT with mutations in *PKD1* and *PKD2,* Data S1: The datasets analyzed for the present study.
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![Age at RRT. RRT = renal replacement therapy.](jcm-09-00146-g001){#jcm-09-00146-f001}

![Kidney survival rate of patients with autosomal dominant polycystic kidney disease (ADPKD) stratified by genotypes and mutation types in the entire cohort. (**a**) The kidney survival rates of ADPKD patients with *PKD1* mutation and *PKD2* mutation in the entire cohort (log-rank, *p* = 0.0308). (**b**) The kidney survival rates of ADPKD patients with *PKD1*T, *PKD1*NT, and *PKD2* mutations in the entire cohort (log-rank, *p* = 0.0144). The number of patients at risk for progression to RRT at each time point is mentioned below the figures. *PKD1*T = *PKD1* truncating; *PKD1*NT = *PKD1* non-truncating.](jcm-09-00146-g002){#jcm-09-00146-f002}

![Kidney survival rate of patients with ADPKD stratified by *PKD1* splicing mutation and a *PKD1* frameshift mutation in the entire cohort. (**a**) The kidney survival rates of ADPKD patients with *PKD1* splicing mutation or without *PKD1* splicing mutation in the entire cohort (log-rank, *p* = 0.0022). (**b**) The kidney survival rates of ADPKD patients with *PKD1* frameshift mutation or without *PKD1* frameshift mutation in the entire cohort (log-rank, *p* = 0.0126). The number of patients at risk for progression to RRT at each time point is mentioned below the figures. ins/del = insertion/deletion.](jcm-09-00146-g003){#jcm-09-00146-f003}

![Kidney survival rate of patients with ADPKD stratified by *PKD1* nonsense mutation in the entire and *PKD1* truncating cohort. (**a**) The kidney survival rates of ADPKD patients with *PKD1* nonsense mutation or without *PKD1* nonsense mutation in the entire cohort (log-rank, *p* = 0.6722). (**b**) The kidney survival rates of ADPKD patients with *PKD1* nonsense mutation or without *PKD1* nonsense mutation in the *PKD1* truncating cohort (log-rank, *p* = 0.0202). The number of patients at risk for progression to RRT at each time point is mentioned below the figures; HR = hazard ratio; CI = confidence interval.](jcm-09-00146-g004){#jcm-09-00146-f004}

jcm-09-00146-t001_Table 1

###### 

Patient characteristics.

  Variables                  Entire      *PKD1*      *PKD2*      *p*-Value
  -------------------------- ----------- ----------- ----------- -----------
  Sex (Men)                  52 (42.3)   42 (42.4)   10 (41.7)   0.9463
  Mutation Type                                                  
  Truncating                 91 (74.0)   69 (69.7)   22 (91.7)   0.0363
  Splicing                   12 (9.8)    11 (11.1)   1 (4.2)     0.4575
  Frameshift ins/del         30 (24.4)   25 (25.3)   5 (20.8)    0.6511
  Large deletion             8 (6.5)     5 (5.1)     3 (12.5)    0.1865
  Nonsense                   41 (33.3)   28 (28.3)   13 (54.2)   0.0158
  Non-truncating             32 (26.0)   30 (30.3)   2 (8.3)     0.0363
  Substitution               29 (23.6)   27 (27.3)   2 (8.3)     0.0499
  In-frame ins/del           3 (2.4)     3 (3.0)     0 (0.0)     1.0000
  Mutation Position                                              
  *PKD1* N-terminal domain   NA          19 (19.2)   NA          NA
  PKD domain                 NA          18 (18.2)   NA          NA
  REJ domain                 NA          21 (21.2)   NA          NA
  TM domain                  NA          36 (36.4)   NA          NA
  *PKD1* C-terminal domain   NA          5 (5.1)     NA          NA

Count data are expressed as *n* (%). Abbreviations: *n*, number; %, percentages; PKD, polycystic kidney disease; ins/del, insertion/deletion; REJ, receptor for egg jelly; TM, transmembrane; NA, not applicable.

jcm-09-00146-t002_Table 2

###### 

Univariate and multivariate analysis of risk factors associated with RRT (Entire cohort, *n* = 123; Model 1).

  Variables                   Univariate Analysis     Multivariate Analysis                          
  --------------------------- ----------------------- ----------------------- ---------------------- --------
  *PKD1* (vs. *PKD2*)         2.75 (1.16--8.10)       0.0202                  NA                     NA
  Mutation Type                                                                                      
  *PKD1* Truncating           2.77 (1.36--5.98)       0.0046                  NA                     NA
  *PKD1* Non-truncating       0.72 (0.31--1.52)       0.4068                  NA                     NA
  *PKD2* Truncating           0.44 (0.15--1.05)       0.0645                  NA                     NA
  *PKD2* Non-truncating       5.191 × 10^−9^ (0--.)   0.0961                  NA                     NA
  *PKD1* Splicing             4.01 (1.35--9.67)       0.0156                  5.39 (1.70--14.51)     0.0063
  *PKD1* Frameshift ins/del   2.43 (1.14--4.88)       0.0232                  3.14 (1.43--6.59)      0.0055
  *PKD1* Large deletion       1.14 (0.06--5.43)       0.8975                  \-                     \-
  *PKD1* Nonsense             0.84 (0.33--1.83)       0.6725                  \-                     \-
  *PKD1* Substitution         0.74 (0.31--1.57)       0.4515                  \-                     \-
  *PKD1* In-frame ins/del     3.998 × 10^−8^ (0--.)   0.5121                  \-                     \-
  *PKD2* Splicing             32.69 (1.62--255.79)    0.0293                  52.40 (2.49--446.52)   0.0181
  *PKD2* Frameshift ins/del   1.776 × 10^−9^ (0--.)   0.0258                  NA                     NA
  *PKD2* Large deletion       1.29 (0.07--6.15)       0.8089                  \-                     \-
  *PKD2* Nonsense             0.41 (0.10--1.17)       0.1035                  \-                     \-
  *PKD2* Substitution         5.191 × 10^−9^ (0--.)   0.0961                  \-                     \-
  *PKD2* In-frame ins/del     NA                      NA                      NA                     NA
  Men (vs. women)             1.50 (0.78--2.89)       0.2205                  1.18 (0.59--2.36)      0.6395

Variables with *p*-values of less than 0.1 with a 95% CI in the univariate model and sex were included in the multivariate model. Abbreviations: *n*, number; CI, confidence interval; PKD, polycystic kidney disease; ins/del, insertion/deletion; REJ, receptor for egg jelly; TM, transmembrane; NA, not applicable.

jcm-09-00146-t003_Table 3

###### 

Univariate and multivariate analysis of risk factors associated with RRT (entire cohort, *n* = 123; Model 2).

  Variables                   Univariate Analysis      Multivariate Analysis                            
  --------------------------- ------------------------ ----------------------- ------------------------ --------
  Mutation Type                                                                                         
  *PKD1* Truncating           1 (reference)                                    NA                       NA
  *PKD1* Non-truncating       0.46 (0.19--1.03)        0.0601                  NA                       NA
  *PKD2* Truncating           0.31 (0.10--0.77)        0.0106                  NA                       NA
  *PKD2* Non-truncating       2.953 × 10^−9^ (0--.)    0.0384                  NA                       NA
  *PKD1* Splicing             1 (reference)                                    1 (reference)            
  *PKD1* Frameshift ins/del   0.53 (0.19--1.71)        0.2709                  0.58 (0.19--1.75)        0.3297
  *PKD1* Large deletion       0.33 (0.02--2.11)        0.2684                  0.38 (0.04--3.57)        0.4005
  *PKD1* Nonsense             0.24 (0.07--0.81)        0.0234                  0.26 (0.08--0.88)        0.0304
  *PKD1* Substitution         0.19 (0.06--0.65)        0.0099                  0.20 (0.06--0.66)        0.0081
  *PKD1* In-frame ins/del     3.130 × 10^−10^ (0--.)   0.2747                  3.720 × 10^−10^ (0--.)   0.9998
  *PKD2* Splicing             10.20 (0.47--94.14)      0.1147                  9.92 (0.90--109.16)      0.0607
  *PKD2* Frameshift ins/del   2.820 × 10^−10^ (0--.)   0.0010                  3.190 × 10^−10^ (0--.)   0.9990
  *PKD2* Large deletion       0.38 (0.02--2.42)        0.3374                  0.41 (0.05--3.61)        0.4213
  *PKD2* Nonsense             0.11 (0.02--0.46)        0.0032                  0.12 (0.03--0.53)        0.0055
  *PKD2* Substitution         2.910 × 10^−10^ (0--.)   0.0060                  2.930 × 10^−10^ (0--.)   0.9993
  *PKD2* In-frame ins/del     NA                       NA                      NA                       NA
  Men (vs. women)             1.50 (0.78--2.89)        0.2205                  1.21 (0.60--2.45)        0.5985

Variables with *p*-values of less than 0.1 with a 95% CI in the univariate model and sex were included in the multivariate model. Abbreviations: *n*, number; CI, confidence interval; PKD, polycystic kidney disease; ins/del, insertion/deletion; REJ, receptor for egg jelly; TM, transmembrane; NA, not applicable.

jcm-09-00146-t004_Table 4

###### 

Univariate analysis of risk factors associated with RRT (*PKD1* Truncating cohort, n = 69).

  Variables                   Univariate Analysis (Model 1)   Univariate Analysis (Model 2)                           
  --------------------------- ------------------------------- ------------------------------- ----------------------- --------
  Mutation Type                                                                                                       
  *PKD1* Splicing             2.69 (0.88--6.89)               0.0796                          1 (reference)           
  *PKD1* Frameshift ins/del   1.72 (0.75--3.88)               0.1953                          0.60 (0.21--1.93)       0.3637
  *PKD1* Large deletion       0.81 (0.04--3.99)               0.8350                          0.35 (0.02--2.30)       0.3042
  *PKD1* Nonsense             0.36 (0.14--0.85)               0.0189                          0.24 (0.07--0.81)       0.0236
  Mutation Position                                                                                                   
  *PKD1* N-terminal domain    0.86 (0.24--2.36)               0.7798                          1 (reference)           
  PKD domain                  1.08 (0.40--2.59)               0.8749                          1.24 (0.35--4.90)       0.7440
  REJ domain                  1.01 (0.33--2.54)               0.9904                          1.16 (0.30--4.83)       0.8241
  TM domain                   1.36 (0.55--3.17)               0.4903                          1.43 (0.44--5.44)       0.5624
  *PKD1* C-terminal domain    4.873 × 10^−9^ (0--.)           0.0927                          5.877 × 10^−9^ (0--.)   0.1461

Abbreviations: RRT, renal replacement therapy; *n,* number; PKD, polycystic kidney disease; CI, confidence interval; ins/del, insertion/deletion; REJ, receptor for egg jelly; TM, transmembrane.

jcm-09-00146-t005_Table 5

###### 

Univariate analysis of risk factors associated with RRT in the cohort stratified by sex.

  Variables                   Univariate Analysis (Model 1) Men, *n* = 52   Univariate Analysis (Model 1) Women, *n* = 71                           
  --------------------------- --------------------------------------------- ----------------------------------------------- ----------------------- --------
  *PKD1* (vs. *PKD2*)         1.79 (0.58--7.76)                             0.3331                                          3.64 (1.02--23.23)      0.0462
  Mutation Type                                                                                                                                     
  *PKD1* Truncating           4.02 (1.38--14.75)                            0.0093                                          1.83 (0.70--5.04)       0.2196
  *PKD1* Non-truncating       0.17 (0.01--0.85)                             0.0272                                          1.31 (0.45--3.42)       0.5953
  *PKD2* Truncating           0.75 (0.17--2.27)                             0.6343                                          0.29 (0.05--1.05)       0.0598
  *PKD2* Non-truncating       4.924 × 10^−9^ (0--.)                         0.1691                                          1.453 × 10^−8^ (0--.)   0.4762
  *PKD1* Splicing             2.02 (0.47--6.17)                             0.3057                                          24.45 (3.19--149.12)    0.0049
  *PKD1* Frameshift ins/del   2.85 (1.03--7.47)                             0.0449                                          1.57 (0.44--4.45)       0.4494
  *PKD1* Large deletion       6.69 (0.35--39.26)                            0.1597                                          1.384 × 10^−8^ (0--.)   0.3100
  *PKD1* Nonsense             0.79 (0.18--2.46)                             0.7052                                          0.97 (0.27--2.87)       0.9596
  *PKD1* Substitution         0.17 (0.01--0.85)                             0.0272                                          1.37 (0.47--3.58)       0.5386
  *PKD1* In-frame ins/del     NA                                            NA                                              3.883 × 10^−8^ (0--.)   0.5782
  *PKD2* Splicing             22.42 (1.04--234.30)                          0.0478                                          NA                      NA
  *PKD2* Frameshift ins/del   1.415 × 10^−8^ (0--.)                         0.2985                                          4.158 × 10^−9^ (0--.)   0.0402
  *PKD2* Large deletion       1.76 (0.10--9.08)                             0.6164                                          1.453 × 10^−8^ (0--.)   0.4762
  *PKD2* Nonsense             0.34 (0.02--1.68)                             0.2202                                          0.60 (0.09--2.14)       0.4697
  *PKD2* Substitution         4.924 × 10^−9^ (0--.)                         0.1691                                          1.453 × 10^−8^ (0--.)   0.4762
  *PKD2* In-frame ins/del     NA                                            NA                                              NA                      NA

Abbreviations: *n*, number; CI, confidence interval; PKD, polycystic kidney disease; ins/del, insertion/deletion; REJ, receptor for egg jelly; TM, transmembrane; NA, not applicable.
